There are many directions which isochronous cyclotrons will take in the future. Some of the directions are very certain such as the use of cyclotrons as booster and/or initial accelerators for heavy ions and their commercial/medical use as neutron sources and sources of radioisotopes. On the other hand, there are several other exciting possibilities such as energymultiplier rings for existing facilities, including the possibility of multi-ring cyclotrons of the superconducting type for use as kaon factories. Also one of the existing intermediate-energy cyclotrons could be used as an injector for a fast-cycling synchroton in a kaon factory. Some of these possibilities are described.
Introduct ion
The canonical crystal ball would be extremely useful in assembling this paper. In its absence I must try to classify the future directions for isochronous cyclotrons into three categories. There seems little reason to doubt that the number of cyclotrons produced commercially both for situations of type 1 and type 2 will continue to grow in the years ahead.
Kaon Factories
Isochronous cyclotrons may be used as injectors for post-accelerators which accelerate protons up to energies suitable for kaon production (5-10 GeV). Since presently operating slow synchrotrons accelerate currents of a few tenths of a microampere, it should be possible to increase the production of low-and medium-energy kaons by at least two orders of magnitude. The post-accelerators themselves could be superconducting isochronous cyclotrons or fast-cycling synch rot rons .
Since am most familiar with TRIUMF as a possible injector for a kaon factory, I will use that facility as an example to consider. A paper6 has been presented Tables II and III. at this conference on the possible design of a superconducting cyclotron at 8 GeV. Using an isochronous cyclotron as an "after-burner" has the advantage that its time structure can be matched quite closely to the time structure of TRIUMF. On the other hand, the primary difficulty in the use of a fast-cycling synchrotron as an after-burner lies in the matching of its varying time structure to the continuous beam of TRIUMF.
The heart of the problem consists of the extraction of the beam from TRIUMF and its injection into the synchrotron. The two fundamental limitations on beam intensity are:
1. space charge 2. admittance of the synchrotron vs. the emittance of TRIUMF (phase space ratio) 2438 10,000 synchrotron turns in the 16 ms injection time. With 2 mm wide stripper and a horizontal aperture of 50 mm, this means that the particles will traverse the stripping foil some 400 times. This should not cause any difficulties in multiple scattering, although the stripper lifetime might be a problem. The momentum compaction would be approximately Ap/p = 2 x 103/mm.
Ideally, the synchrotron RF should be at the same frequency as the cyclotron (23 MHz) increasing by about 30 to the time of beam extraction. Although difficult, this would result in almost 100% capture into the synchrotron and is worth considerable effort to achieve.
For a final energy of 8 GeV, the energy gain should be 1 MeV per synchrotron turn. This could be provided by 12 RF stations.
The general design of the synchrotron might well be of the "missing magnet" separated function type, but further details would be premature at this time.
H+ Injection
If extraction of the beam from TRIUMF is obtained by stripping, Liouville's theorem cannot be circumvented, and we must concern ourselves with the acceptance of the synchrotron compared to the emittance of TRIUMF. deceleration (a is the phase with respect to the RF). In the 100 turns the total loss due to stripping (both electromagnetic and gas) is less than 2% at 450 MeV.
The importance of this stacking technique is that it makes possible the time matching of the two accelerators in such a way that total beam losses should not exceed 59 in extraction from the cyclotron and injection and capture into the synchrotron. The orbi t period of the 50 m synchrotron is 1.5 Ps, so the 100 turn stack is pulsed axially by an electric field to make the ions intersect a stripper over a period of 2 rotations or 10 RF cycles (0.44 ps). In this way the protons are injected into the synchrotron, at the correct synchrotron phase for complete capture, with a repetition period of 21 ps (14 synchrotron turns). Injection appears to be well within the state of the art, using fast bumper magnets and RF acceleration to move the equilibrium orbit away from the injection system. The energy spread in the macropulse from the cyclotron would be 5 MeV, corresponding to a radial spread in the synchrotron of 5 mm. 200 macropulses per synchrotron cycle would be adequate to achieve an intensity of 2 x 1014 p 5-1 with a frequency of 20 Hz. The total injection period would be 200 x 2.2 ps = 4.4 ms out of a total cycle time of 50 ms. Accommodating this long injection time will require some "flat-topping" of the magnet cycle -together with the usual dc bias. It should be noted that the stacking and stripping technique described here will improve the phase space ratio by a considerable factor over that calculated above.
Some of the parameters of the injection-capture system are shown in Table IV . The TRIUMF group is continuing work on these various alternative possibilities for a kaon factory.
Other Interesting Ideas
The Indiana group has been considering a possible ring cyclotron to increase the energy of their multiparticle facility by a factor of about three so that it is called an "energy tripler". The resulting energy would be 300 MeV for deuterons, 600 MeV for 4He, 800 MeV 3He, 1000 MeV 6Li, etc.
The upper proton limit is set by focusing restraints and varies from 380 MeV for a four-sector design to 500 MeV for a six-sector version. At the present time these concepts are all preliminary and in the form of simple sketches. All the magnet sectors have straight edges, but they do not necessarily intersect in the centre. One interesting version, not yet completely explored, makes use of six superconducting magnets with a total weight of 500 tons and a circumference only half that of the present Indiana cyclotron magnet. This is to be contrasted with the 4-sector normal temperature design where some 2000 tons of steel are required. Plots of vz vs. Vr show that for protons in general 4/3 < Vr < 2 and 0.1 < vz < 1. No decision has been made as to the future of this effort. R.W. MUller of Darmstadt has proposed a "Racetrack Cyclotron"10 which is designed to act as a postaccelerator for a linac. The main objective of this work was to produce an isochronous cyclotron design which could be efficiently coupled to the time structure of an injection linac. The result is shown in Fig. 6 . The orbits are cotangential rather than concentric, and a high harmonic number h > 20 is used to obtain small velocity increments for the ions when h is changed. MUller has considered the orbital stability in both the axial and horizontal directions and has particularly investigated the crossing of the v = 0.5 resonance under which condition an energy multiplication factor of 16 can be achieved. It should be noted that this design has a lower energy stability limit as well as an upper one; in particular, stability limits for E/A given by 10 < E/A < 100 MeV/nucleon are 2439 possible. As an example, a machine with K = 900 MeV would have a mass of 4000 tons vs. 8000 tons for a conventional design.
Conclusion
It is clear from this brief survey that isochronous cyclotrons have a future varying from the certain to the possible. The really fascinating experience will be to watch the possible converted to the certain.
It is a pleasure to acknowledge the receipt of superconducting cycZotron to be built at a postaccelerator for the K = 500 machine. 
